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Abstract: The purpose of this paper is to describe a practical solution how to build an ontology driven 
knowledge based system for decision support about a domain of interest. Topic Maps standardized 
techniques were used for ontology building and also for keeping ontology open for new requirements. 
After detailed evaluation process, AToM2 software product was chosen for ontology development. 
Besides ontology development AToM2 provides complex tools for normalizing data into ontology both 
in interactive/automated way, mining knowledge from the ontology and presenting results. Software 
product Tovek Server was used for analysing and determining useful and domain relevant structures 
in  unstructured  content.  The  resulting  knowledge  based  system  is  created  as  an  output  of 
methodological  processes  called  Coordinated  Analysis  and  Sharing  of  Information.  The  resulting 
Ontology Driven Knowledge Based System for Decision Support proposal was named K-GATE. 
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Introduction 
Our specific task was to create a knowledge based system called MENTAL, with 2 main goals  
1.  To provide comprehensive information on the branching problem domain "Network Enabled 
Capability” through a customized web interface. 
2.  To create an optimal basis for further development of knowledge based system with decision 
support by accenting precise contexts delivery “at the right time and to the right place”. 
Analysis  done  in  the  beginning  stages  of  the  project  showed  the  impossibility  of  implementing 
standardized  solutions,  and  thus  the  need  for  a  specific  solution  based  on  a  specific  ontology. 
Information  and  data  sources  of  the  "Network  Enabled  Capability”  are  continuously  changing  and 
broadening. This was another reason for development of a specific ontology, with emphasis on its 
openness, ease of maintainability and resilience to changes. 
We  live  in  an  Info  glut  time. The  breadth  and  dynamism  of  the  solved  problem  domain  "Network 
Enabled Capability” is not exceptional - it is quite an ordinary phenomenon of today. Therefore we 
included  one  extra  aspiration  to  our  main  task  of  creating  knowledge  based  system  MENTAL:  to 
propose  methodology  and  even  an  architectural  design  for  creating  knowledge  based  system  for 
decision  support,  which  can  be  applied  to  any  other  problem  domain  or  an  interconnected  set  of 
problem domains. 
The used methodology was Coordinated Analysis and Sharing of Information. The resulting proposal 
of the Ontology Driven Knowledge Based System for Decision Support was named K-GATE. 
1.  K-GATE General Concept 
When referencing to a knowledge system, we have to realise that knowledge cannot be separated 
from human beings. Therefore, we have to think in terms of „biological systems“, where functions 
define  structures,  and  to  avoid  thinking  of  „physical  systems“,  where  structures  define  functions. 
Dynamic models for biological systems including organizations can be built using the Decision Cycle 
or Observe-Orient-Decide-Act (OODA) Cycle developed by Col. John Boyd [2].   LADISLAV BURITA, PAVEL GARDAVSKY, TOMAS VEJLUPEK 
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Orientation is the most important part of the OODA Loop but it is a black box function which depends 
on learning, reflection and practice. Sense-making happen faster and at a higher bandwidth than we 
realize. Data becomes information before we are aware of it. Information creates decisions before we 
are aware of it. Good decisions are not always rational or deliberate. We can sense 11 million bits of 
information per second, but our conscious mind can only process 16 bits per second. [1].  
The  conclusion  from  the  above  is  that  a  good  decision  support  system  should  be  able  to  deliver 
information  for  both  conscious  and  non-conscious  mind.  The  former  is  typically  represented  by 
documents or reports describing the issue, the latter is represented by a rich context presented to the 
user during the conscious search for information or during the description of his information needs to 
an expert (knowledge worker). 
A decision support system will be always integrated in an existing information infrastructure including 
information  sources  (internal  &  external),  an  information  sharing  system  (typically  intranet)  and  an 
information production system (general office applications + analytical and reporting tools). K-GATE is 
designed as a component of such infrastructure which provides support for: 
a)  Effective  production  of  information  products  transferring  knowledge  from  experts  to  recipients 
(decision makers) in the form of answers to basic questions:   
  WHO? WHAT? WHEN? WHERE? This is supported by tools allowing to find, organize and 
summarize information from different sources and to produce well-arranged reports. 
  WHY (intent)? HOW (capability)? This is supported by tools allowing to analyse and synthesize 
available  information  with  the  expert  knowledge  and  to  present  conclusions  in  a  form  both 
concise and easy to understand. 
b)  Effective access of end users (experts or decision makers) to all (maximum) available information so 
that they are able to:  
  Find  easily  what  they  know,  that  they  do  not  know.  This  is  assisted  by  simple  or  expert 
searches and navigation in the content of the knowledge base as well as  in the content of 
external documents. 
  Discover easily what they do not know, that they do not know. This is assisted by automated 
contextualisation of information retrieved intentionally or by chance (associated and extracted 
entities, similar documents, other readers, etc.). 
c)  Effective capturing and sharing of users’ knowledge as a part of their active work with information 
(search, reading, analysis) in form of personal or shared: 
  Metadata  added  to  analysed  documents  manually  (notes,  abstracts,  hyperlinks,  categories, 
ratings) or automatically (number of readers, list of readers, etc.) so that they can be used for 
document recommendations, expert location, etc. 
  “Document Topic Maps” representing important facts described in an analysed document in the 
structure of entities and associations defined in the knowledge base so that it can be used for 
direct or further validated update. 
  “Research projects” representing a repository (structured as Topic Maps) of personal notes and 
links to document and entities relevant to a specific task. 
  “Expert  Topic  Maps”  representing  newly  discovered  associations  among  entities  which  are 
relevant to find specific answers or to show certain specific contexts. 
2.  Knowledge Based System Architecture 
In the architectural design of the knowledge based system for decision support we applied the "top 
down"  principle,  which  means  from  requirements  through  logical  design  to  the  components  and 
implementation design. Then we tested deployment and operation in reality. 
In the next parts of this paper we will briefly describe some architectural aspects relevant to the points 
at issue of Knowledge Engineering and Ontology Development. 
2.1  Requirements Model 
Results of generalization of the problem domain Network Enabled Capability analysis produced a set 
of common and specific requirements. 
2.1.1  Common Requirements 
Building  knowledge  by  placing  information  in  contexts:  Description  of  the  problem  domain  is 
usually made from a variety of information resources, which seems to be unrelated at the first glance. K-GATE ONTOLOGY DRIVEN KNOWLEDGE BASED SYSTEM FOR DECISION SUPPORT 
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Through the processes of context creation we usually build an ontology providing the information with 
specific meaning which can be transformed into knowledge useful in decision support. 
Ontology  description  independent  from  described  information:  Problem  domain  ontology 
specifies the rules for the organization and representation of information. To fulfill this task, ontology 
must be proposed and implemented independently of the information contained herein. 
3-dimensional ontology (classes, properties of classes, association between classes): Ontology 
in the concept of knowledge is represented by the following 3 dimensions: 
1.  Classification of entities, where each entity is an instance of just one class. 
2.  Building class, property sets, each class becomes a substantive right by a dedicated set of its 
properties. 
3.  Possibility of flexible relationships between classes creation. 
Maximal usability of the ontology: Resulting ontology should be used in all phases of work with 
given problem domain information: 
  Acquisition of new data generated by running of a knowledge based system and exploitation 
of the data existing before the emergence of the knowledge based system. 
  Continuing  through displaying  information in  ontological contexts in various user interfaces 
and ending with decision support tasks built on data mining processes. 
Fast and ultimate retrieval of the appropriate knowledge: A special emphasis of the knowledge 
system is a fast traceability of relevant knowledge with maximum elimination of the following risks: 
  The search for knowledge will be overwhelmed by non-relevant results or 
  the requested knowledge will be lost due strict filtering criteria. 
Team work support for knowledge development and retrieval: Creation of knowledge by a specific 
ontology and subsequent usage of the knowledge is very often a team work. Therefore, the knowledge 
based system must support all possible phases of such team work (i.e. building and exploitation of 
knowledge). 
Personal and community “memory”: Another challenge for a decision supporting knowledge based 
system is the possibility of instant re-use of knowledge once created or used. The user of the system 
should be able to evaluate provided knowledge, save the knowledge and its contexts for future usage, 
and share the knowledge with others. 
Openness and ability for handling new inputs, accents and requirements: A knowledge based 
system is a "living organism" and must remain so. It must be able to absorb new requirements by the 
adaptation to changes in the ontology, while improving the quality of services provided before the 
change. 
Interoperability for cooperation with other information systems: A knowledge based system must 
be capable of seamless collaboration with other information systems through the ability on: 
  one hand to use other information systems outputs (in the form of complete ontologies, data 
sources or single information entities), 
  the other hand to provide services to other information systems through predefined interfaces. 
2.1.2  Domain specific requirements 
Various kinds of structured content adoption ability: Knowledge system with a decision support 
aspiration must be able to cooperate with various classifications, structuring and indexing techniques 
used in contemporary information sources either externally by referencing to them or internally by 
absorbing them to its internal structures. 
Typical classification techniques which the knowledge based system has to handle are: 
1.  Uncontrolled  vocabulary  known  as  keywords.  i.e.  words  individually  assigned  typically  by 
content creators to characterize information entities (which presents a danger for knowledge 
based system because of duplicities, misspellings, meaninglessness etc.). 
2.  Controlled vocabulary means a given closed list of named subjects (terms, concepts), which 
can be used for classification. 
3.  Metadata  vocabulary,  where  metadata  is  generally  defined  as  "data  about  data"  or 
"information about objects" while metadata vocabulary is a set of properties of objects. Typical 
example of metadata library is Dublin Core. LADISLAV BURITA, PAVEL GARDAVSKY, TOMAS VEJLUPEK 
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4.  Taxonomy. i.e. controlled vocabulary arranged in hierarchy (or tree), the usual approach is 
“strict taxonomy” where concept can have only one parent while in less usual “lax taxonomy” 
more than one parent is allowed. 
5.  Thesaurus, which is on the one hand driven by ISO standards  (ISO2788, ISO5964) but on the 
other hand in more common sense it  is a taxonomy where concepts can be cross-linked, 
independent from hierarchical relations. 
6.  Facets  or  faceted  classification,  which  works  by  identifying  a  number  of  facets  into  which 
entities are divided. Each facet represents a specific point of view on the entity and can have 
its own rules. 
7.  Ontology is a model for describing the world that consists of a set of types, properties, and 
relationship types. 
8.  Categories, which are often used to group objects on web sites. Categories can be in a form of 
a plain list, or they can be arranged in taxonomy. 
9.  Synonym ring connecting together a set of terms as being equivalent for search purposes. 
Ability  to  handle  structures  extracted  from  various  textual  contents:  An  important  source  of 
information necessary for knowledge based systems is textual content which is often stored in a form 
of document files and regarded as unstructured. In fact this a simplification because content creators 
produced  it  to  store,  present,  and  communicate  some factual  or  idea  structures.  For  the  purpose 
herein it means that knowledge based systems should be equipped with automated or interactive tools 
for finding the proverbial needle of structures in haystacks of document files. 
Complete equipment for knowledge retrieval (fulltext with filtering mechanisms): One of most 
important tools is a fulltext engine with the ability of indexing document files in every possible format, 
searching within textual content, and supporting users by resolving structures 
User  frontend  for  human  users:  Knowledge  based  systems  should  provide  effective  and  user 
friendly interface to its “human users” for any kind of their usage. A typical interface is a web browser, 
but new types of “devices interface” (tablets, smart phones) should also be supported. 
Interfaces for “non-human users”: Automated communication channels for input, maintaining and 
offering knowledge stored in knowledge based systems should be also available. Typical client here is 
another information system and a typical method how to handle this requirement is a web service with 
clearly described interface and process models. 
3.  Design of a Generalized Solution: K-GATE – Ontology Based Knowledge 
System for Decision Support 
Figure 1 shows how K-GATE is implemented in a decision support system and what roles it has. The 
general roles are related to three main phases of information processing:  
  Find – it helps to find all external documents relevant to a subject of interest.  
  Understand – it helps to provide a context of retrieved documents (categories, entities, etc.). 
  Utilize – it helps to capture and share know-ledge of users about document content. 
The specific roles of K-GATE in the process of “Coordinated Analysis and Sharing of Information“ are 
related to the usage of specific analytical tools from i2 and Tovek. Using these tools provides the 
possibility  to  analyze  content  of  different  structured  and  unstructured  information  sources  and  to 
quickly find and visually represent complex or hidden relationships. 
The characteristic product is a chart showing roles of actors and a sequence of events related to  
a decision. This type of knowledge is identical to the concept of Topic Maps and so it is possible to: 
  Connect the analytical tools directly to the content of the ATOM knowledge base and to use it 
for specific analyses as a valuable source of knowledge of people in organization. 
  Import  in  the  knowledge  base  relationships  discovered  and  expert  queries  created  by  an 
analyst so that it can help people in an organization to find, understand and utilize information 
better – which in turn produces new information useful for the analyst. 
4.  Physical Architecture of Ontology Based Knowledge System 
AToM2 (see 4.1.) was used for ontology and data creation processes, its storage and maintenance, 
and also for data presentation including searching  supported by proposed ontology. Tovek Server K-GATE ONTOLOGY DRIVEN KNOWLEDGE BASED SYSTEM FOR DECISION SUPPORT 
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(see  4.2)  supplemented  with  i2  analytical  tools  (see  4.3)  served  for  textual  data  analyzing  and 
information retrieval. 
4.1  AToM2 
AToM2 is an acronym of”Aion Topic Maps engine 2nd generation”, see architecture Fig. 2. AToM2 is: 
  An  application  framework  for  building  a  semantically  oriented  intranet  or  internet  web 
applications  such  as  encyclopedias,  legal  systems,  dictionaries,  vocabularies,  knowledge 
bases, sophisticated CMS. 
  A high performance and usability oriented feature-rich web database whose main advantage 
for the user is the speed of development - even of complicated structures. Tasks which usually 
took weeks or months of hard analytics and database programming can be now solved with 
AToM2 within hours or mostly days. 
  Strongly influenced by Topic Maps (ISO standard 13250) principles and slightly inspired by 
other semantic techniques and approaches [4, 7]. 
 
Fig. 1: K-GATE Physical architecture [source authors] 
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4.1.1  AToM2 modules and K-GATE roles 
Personalized  dashboard  represents  a  completely  customizable  workspace  for  users  and 
administrators containing all tools necessary for personalization and team working including faceted 
search, and simple data packaging solutions: 
  Ontology  designer  is  a  comprehensive  set  of  tools  for  ontology  (classes,  properties, 
association, scopes) definition and maintenance. 
  Data editor – provides all possibilities for editors work based on a specific ontology. 
  AToM  Query  Language  (AQL)  is  visual  querying  tool  for  extracting  knowledge  from  the 
knowledge base. 
 
Fig. 2: Aion Topic Maps engine architecture [source authors] 
4.2  Tovek server 
Tovek  Server  is  a  modular,  open  and  scalable  platform  independent  application  framework  with  
a range of functions for automated unstructured information processing and for building search based 
applications. The main modules are: 
  Indexing to create and automatically update a unified index allowing to search in textual data 
from different repositories (file system, SharePoint, DMS) or information sources (media, e-
mail, web). 
  Searching to run simple queries in selected sources in various syntaxes (Google, TQL). K-GATE ONTOLOGY DRIVEN KNOWLEDGE BASED SYSTEM FOR DECISION SUPPORT 
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  Profiling to automatically evaluate the relevance of selected/new documents from a selected 
source with regard to a defined set of queries. 
  Categorization  to  automatically  associate  documents  to  a  defined  hierarchical  structure  of 
categories  (taxonomy)  based  on  values  of  metadata  or  based  on  a  relevance  associated 
query. 
  Entity  extraction  to  automatically  identify  and  extract  basic  form  names  from  a  list 
(organizations, people, places, events, etc.) or a normalized form of instances of  text patterns 
corresponding to a regular expression (numbers, dates, codes, etc.). 
The main roles of Tovek Server in K-Gate are assisted: 
  Search and navigation in external documents based on expert queries associated with entities 
and categorization trees (group trees) in the Knowledge Base (KB). 
  Document  reading  (contextualization)  based  on  entity  extraction,  categorization  (link  to 
categories defined in KB) and profiling (link to entities defined in KB). 
4.3  Analytical tools 
4.3.1  Analyst’s Notebook  
Is a widely used tool (mainly in security, intelligence and military organizations) for visual analysis and 
presentation  of  different  kind  of  relationships  (structures,  transactions,  time  sequences,  location) 
among different kind of entities which can be created manually as a result of a human knowledge (e.g. 
as a part of intelligence gathering) or found in different sources (databases, ontologies, tables, etc.).  
4.3.2  iBase  
iBase is an analytical database integrated with Analyst’s Notebook so that relationships created or 
found in different products can be combined, analyzed and visualized from new perspectives. 
4.3.3  Tovek Tools 
Tovek Tools is a set of tools for advanced search and analyses of information in different textual data 
(documents, messages, records, etc.). It includes: 
  Index Manager to index local data and to connect to data indexed by Tovek Server. 
  Agent to do the advanced search in data sources (conditions, sorting, grouping, iteration, etc.). 
  Query  Editor  to  create  structured  queries  allowing  exact  calculation  of  the  documents 
relevance. 
  Harvester  to  identify  significant  topics  (keyword  groups)  and  their  time  trend  in  retrieved 
documents. 
  Info Rating to analyze and visualize relationships among the content of retrieved documents. 
4.3.4  Roles of analytical tools in K-GATE: 
  To  help  expert  users  to  produce  information  products  faster  and  with  higher  added  value 
(visualization, rich context, alternative views). 
  To  allow  expert  users  to  systematically  collect  information  about  relationships  relevant  for 
different users in the organization and to transfer it into the Knowledge Base as “Expert Topic 
Maps”. 
5.  An Example from the Real World: Knowledge System “MENTAL” 
The research project “Knowledge Management of the Army of the Czech Republic (ACR) Network 
Enabled Capability (NEC) - MENTAL” [3] will result in a Knowledge Management System (KMS). The 
aim of the MENTAL is “to carry out the analysis of knowledge approaches, ontologies and ontology 
languages;  to  develop  an  encyclopedia  of  NEC  terms;  to  propose  a  methodology  for  the  KMS 
development; to develop NEC ontology; to elaborate a knowledge system proposal in the ACR NEC 
administration  and  to  implement  it.”  The  completion  of  the  project  is  assured  by  successful 
cooperation of researchers from the University of Defence with the TOVEK and AION CS companies. 
“NATO Network Enabled Capability (NNEC) is the Alliance's cognitive and technical ability to federate 
the various components of the operational environment, from the strategic level down to the tactical 
levels,  through  a  networking  and  information  infrastructure.   NNEC  is  NATO's  commitment  to 
standardize  and  harmonize  NATO  and  national  Network  Enabled  Capability  (NEC)  programs.  LADISLAV BURITA, PAVEL GARDAVSKY, TOMAS VEJLUPEK 
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Common  cognitive  and  operational  aims  will  revolutionize  the  way  NATO  forces  fight  in  future 
conflicts.   By  improving  collaboration  in  an  open  and  dynamic  information  environment,  NNEC 
enhances the efficiency and effectiveness of the Alliance.” [9] 
The KMS MENTAL is a predecessor of the K-Gate idea, but can represent his general roles: Find and 
Understand information (using TOVEK SW) and Utilize information (using ATOM SW).A prerequisite 
for the solution of the project was the preparation of domain experts from the CIS for the role  of 
knowledge engineers to meet the objectives of the project. The sequence of work tasks was based on 
the designed methodology which was being verified during the solution of the project: 
1.  Collecting and preprocessing information sources 
2.  Selection of the theoretical basis and providing SW technology. 
3.  Training and preparation of the research team and creation of the first ontology.  
4.  Clarification of the terms in NEC. 
5.  Verification of terms regarding the document base  
6.  Ontology design, verification and implementation. 
7.  Creating a knowledge base. 
5.1  Ontology Design and Development 
The most important step in creation of a knowledge-based system is the design and development of 
an appropriate  ontology,  which constitutes a formal framework for storing the knowledge, creating 
links between knowledge and ontology concepts, and establishing connections to concepts and pieces 
of knowledge of vital documents, which are connected with the area in focus.  
Ontology  itself  can  be  considered  an  abstract  model  of  a  part  of  reality  -  domain  for  which  the 
knowledge-based  system  is  created.  The  first  of  the  underlying  methodological  postulates  for 
designing  ontology  is  a  logical  procedure  from  an  Upper  Ontology  through  a  Core  Ontology  to  
a Domain Ontology. 
5.1.1  Upper Ontology Selection 
We have selected the Upper Ontology with the theme of Competition Intelligence, that is used by 
company TOVEK. For the general concepts see Fig. 3. This ontology corresponds to the Ministry of 
Defense (MoD) and NEC theme, for which the knowledge base is being prepared. Therefore, with 
respect to the Upper Ontology, the MoD Core Ontology, NEC Domain Ontology, and other Domain 
Ontologies with similar approach can be linked in all subsequent projects. 
 
Fig. 3: The Upper Ontology for MENTAL [source authors] 
5.1.2  Core Ontology Specification 
Core Ontology has a crucial position in the interoperability area. It is a central ontology for systems 
that  integrate  many  ideas  from  various  points  of  view.  A  different  view  on  the  Core  Ontology 
corresponds with the work of representatives from various communities with the goal of harmonizing 
their knowledge perspectives.  
In the MENTAL project the Core Ontology is a general model of the military at the MoD, see ontology 
classes and associations in Fig. 4. This ontology should integrate all ideas concerning knowledge 
management systems in ACR. The classes of the Core ontology are mapped form the MoD model to 
the classes of the Upper Ontology, see Fig. 4. K-GATE ONTOLOGY DRIVEN KNOWLEDGE BASED SYSTEM FOR DECISION SUPPORT 
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5.1.3  Domain Ontology Development, Evaluation and Implementation 
The methodology for creating the NEC Domain Ontology includes a preparatory stage, in which a set 
of documents that sufficiently describes a given domain will be collected. Furthermore, it is necessary 
to clarify the basic concepts of the subject area in focus. 
Basic  concepts  of  the  domain  are  systematically  arranged,  e.g.  into  taxonomy,  see  Fig.  5.  The 
taxonomy construction helps to understand the selected domain and is the best way to the proper 
ontology  creation.  The  classes  of  the  Domain  ontology  are  mapped  form  the  NEC  model  to  the 
classes of the Core Ontology, see Fig. 4 and 7. In the evaluation phase the set of concepts candidates 
are tested against the information base using text-mining procedure. The main goal is to ensure the 
appearance  of  concepts  in  the  document  base.  As  you  can  see  in  Fig.  6,  all  classes  have  an 
appropriate frequency in the document base. 
 
Fig. 4: The MoD Core Ontology [source authors] 
 
Fig. 5: The NEC Taxonomy – Basic concepts [source authors] 
 
Fig. 6: Testing of concepts in the document base [source authors] LADISLAV BURITA, PAVEL GARDAVSKY, TOMAS VEJLUPEK 
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The following step is the design of an ontology scheme. This is an iterative “top-down and bottom-up” 
procedure  which  leads  to  continuous  improvement  of  the  original  proposal.  The  ontology  design 
contains a set of ontology classes, see Fig. 7. 
Each class has its own definition and is characterized by attributes. The design of the domain ontology 
diagram was prepared using VUE software [8]. The associations between classes, which are only 
numbered in the scheme, are further described in separate sheets (same with characteristics).  
The last stage before use the ontology in KMS is implementation in chosen ontology environment. The 
MENTAL KMS is implemented in SW AToM
2 by AION CS Company; see an example in Fig. 8. 
 
Fig. 7: Domain ontology design [source authors] 
 
Fig. 8: Ontology design in the AToM2 environment [source authors] 
5.2  The Development of the Knowledge System MENTAL  
Creating a knowledge base in the AToM2 environment includes two major activities. First, the ontology 
is  implemented,  and  second  the  data  are  added;  to  be  more  specific  -  occurrence  of  classes, 
characteristics  and  relationships.  Inserting  the  ontology  into  the  AToM2  environment  is  a  simple 
process. Only the sequence of entries from the characteristics of classes to relations is significant. K-GATE ONTOLOGY DRIVEN KNOWLEDGE BASED SYSTEM FOR DECISION SUPPORT 
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5.2.1  The Ontology Modification 
The initial proposal of the ontology was based on analysis of the domain area without a solid reflection 
on the possibilities of the AToM2 software. Relationships between the classes were only binary in the 
proposed ontology, hierarchical objects should have been stored recursively in one class, and AToM2 
specific structures have not been considered. Only when entering data to the knowledge base, some 
shortcomings  of  the  initial  ontology  design  gradually  began  to  reveal.  It  was  then  reviewed 
progressively, and necessary adjustments were made.  
The original idea that the hierarchy of objects like DOCUMENT, sections of the document and the 
content  of  the  document;  (3-level  hierarchy)  or  the  ORGANIZATION  and  the  element  of  the 
organization (2-level hierarchy) will be stored as one single class, proved to be confusing and had to 
be replaced by a more suitable hierarchy DOCUMENT, VOLUME of DOCUMENT and SUBSTANCE 
of DOCUMENT, respectively ORGANIZATION and PART of ORGANIZATION, see Fig. 9. 
Whereas,  only  the  VOLUME  of  DOCUMENT  and  the  PART  of  ORGANIZATION  are  developed 
recursively  to  allow  us  to  embed  the  hierarchy  of  any  depth,  using  associations  Document 
Segmentation and Volume Segmentation. 
5.2.2  Communities of Interest Formation 
The creation of communities of interest is an important requirement of the NEC cooperation. It allows 
smooth transfer and sharing of knowledge in accordance with the principles of knowledge organization 
and, therefore, it focuses on achieving knowledge superiority over the enemy. It must support the 
association of specialists involved in various areas of the NEC development. 
 
Fig. 9: Data structure of the document in knowledge base [source authors] 
Fig. 10: Area of Interest [source authors]  Fig. 11: Objects of the CoI (NEC) [source authors] LADISLAV BURITA, PAVEL GARDAVSKY, TOMAS VEJLUPEK 
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This capability is provided at the ontology level, where the user in the PERSON class accesses the 
AREA OF INTEREST in NEC. The AREAS OF INTEREST are filled with data during the creation of 
the knowledge base and are organized into groups, see Fig. 10. 
Linking the areas of interest to the users is provided through relationships, while the group of users of 
an area of interest is created automatically, see Fig. 11. Furthermore, it is carried out in contradiction 
to the initial consideration of the COI implementation which presupposes that the user must be first 
addressed  and  then  the  communications  within  the  COI  shall  be  provided,  using  collaborative 
software. 
5.2.3  Advanced Search 
The last example of the KMS MENTAL function shows the advanced search page usage. After the 
keyword is entered, the list of relevant topics is displayed (A/Fig. 12) and the list of relevant filters 
available for the selected result set (B/Fig. 12) is also provided. The filters are based on ontology 
classes and attribute values of the selected topics. 
A
B
 
Fig. 12: Advanced search page [source authors] 
The result can be filtered based on provided values. In the example below, the class Document from 
the ontology is selected. The list of results is updated, see Fig. 13. 
 
Fig. 13: Advanced search page (filter applied) [source authors] 
6.  Conclusion 
In this paper a practical solution how to build an ontology driven knowledge based system for decision 
support was described. At the beginning a domain of interest and the goal which we should achieve 
was given. All methods, techniques, and tools for building ontology based knowledge based systems 
were  described.  The  integrated  idea  was  named  K-GATE.  Further  development  of  the  K-GATE 
concept with aspiration of bringing it to the level of universal solution of Ontology driven Knowledge 
based systems for decision support will follow. K-GATE ONTOLOGY DRIVEN KNOWLEDGE BASED SYSTEM FOR DECISION SUPPORT 
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All aspects of resulting Ontology driven Knowledge based system were tested by the team of CIS 
Department of University of Defence (Brno, Czech Republic). The next step is implementation KMS 
MENTAL into Staff information System of the ACR. 
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